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Title of the invention : Semiconductor device having low metal contact resistance and 
method of fabricating the same 

Abstract : 

Semiconductor device having a low metal contact resistance and fabrication method 
thereof arc provided. Multi-level interlayer insulating layers arc formed on a 
semiconductor substrate. The multi-level interlayer insulating layers are dry-ctched to 
form a eontact hole exposing a portion of the substrate. The multi-level interlayer 
insulating layers are then wet-etched using a wet etchant, thereby increasing the lower 
width of the contact hole. Here, a lower layer of the multi-level interlayer insulating 
layers has a relatively high etch rate, compared to an upper layer of the multi-level 
interlayer insulating layers. Accordingly, it is possible to minimize the contact 
resistance. 
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B SfSS SSi £ISS1AI9|fe &m 751 Sfe USES 3*1 » 321 HIS SfSOII ttEXI 3IO #0|| 

ms. as iis as saaem* sseo. oe §^is°4s a*! ^ §i« e*£Hi bwj Jn« 
aE a ggjg§ istio. m?i as eztaaote £4 hisss 4^ »g. §i¥ •aaantsi ^aoi saa 
aavii i^saa ^ch^ss h e ge«s aissioi *r si¥2i a^is af«*«o S HKiAiacK 

019 as bjexd aa u 321 his »etoa sishah. ahs as £4 i^ii 5?= Aigsioi as saaasts 
gattssiM. e^a si¥2i auia d^^ss s:»Aia + sua. e§is si¥2i ai^a 321 g^s his°s 
^ssssmi'ssj jimm si^sais 4* sua. ae. s§is 4^21 h:>im s&°smi 3^ £12121 ntxi sag b*ai 
u 4- sua. 



£2 



E 1a LHXI E Ibfe SEH2I eaj ?S1 eoj^fe BBS: 

E2bs SS2| ^ai oil oil a>g 3^ esj aoi^fe bse: 

£ 3a LHXI £ 3cfe S &32| A| Oil 0)1 (Q§ 3^ S§! S3 S3§ 6»^25 fiW^fe BSE; 

£ 4fe £ 3c2| 3^ 5S!°| ^¥S £01 ^te SEE. 

* £321 ?2 ¥S0|| CHS ¥S°I 

1. 10 : erEfll 2 : gZrHSef 

3, 4 : 12 : ^¥ §^12^ 

14 : #¥ g 211 2 a} 16a : 61¥ 

16b : ^? SBJS 18 : SSI IH 3^ 

20 • =^ 2> °J 24 : 6h¥ 



msoi s*of£r Jim m n sot°i m&i?ig 

8-ttBS »£» Sxl 55" H2| 7315 &S0II a& m a HXItKlow resistance) 3^ fiSKmetal 

contact) ?5i 3fe USUI Sfl S! 321 3915 StBOO 3fi 20IQ. 

ttSfll SxPI na^sf soil aj£h Eia HPKfeature sizePJ a&. 3^ gat (metal contact)2| 3¥. a^l 

21 33|fe MCHEfe ShB. aoife QH^ g^SKM gS{ OH^SjS dl (contact aspect ratio):?! SUrBS SID. 

cxgv, S ^ S ^ #21 3^ ei2J(metal line)2| fflfl (pi tchpJ BOIM(tlght) SHXPI ttHSOfl. 3^ S@*2| #¥21 <2HB 
(overlap) £1= 3^ £f2J2| P»9J 8(design rule)£ 0H¥ eolHSMI EC*. 

£ la LHXI £ Ibfe S2H2I 3^ 5§| ?5i SOI^fe ErSEOia. 

HI2} itS 0I«£. 3^ e^S2| #¥ 2Hy (opening) 5PIS 3^ B^ms\ Sr¥ 2°y 3313 ^ 

e §£s s^sHot ea. 

s_ E 1aO0 £ A ie tftst aoi. 5s»m(vertical contact hole)(3)S SJSSHOf ftO. naiU. ^I^SS £PI ^ 
ai^s o|g2 £ 1b0tl EAIH b>3 SOI. 2}2r2| 3A>2 g^iS (si oped contact hole)(4)0l ISHa. 

IS ei£ai :iS§ UEHja. S5 Sit 2fe *aae!»K Inter Layer Dielectric)§ U&y!P. 

mSi M, 2*2 ^ esi(deep small contact) 21 3?. §)¥2| 33P) 0B¥ atOUIH £101. 3^ S^i HS3 iPI 

£ oma, E§i2| 331 3f±0il iyE(current density )2| §3>K 3 £111 B(Joule) € B 3^ s s* 
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s ssg Ssef aie* mnmm oHis^i ?ish bibs xhsah. sbissi s¥ 33ife i°j2sw aei2i nisi 5 

as ojs A |^ 4, ^ji. S@IS°| Sl¥ 33|fe S^AIUSSW 5§l 3&S ^SAIiJ 4> Slfe S}£XU SSI gj 32| BIS 
BIS&OII H ^2j0| 2ip. 



ssspi A et s U90D sisfs. bssa ssi°j bis gme. ieh pib soii ms. am us a§ 

g^igatf aaatfe BBS}:. 8131 Ct§ SBaeWS 2*1 *|2* SKM S3I BSEXII 3IB2I t§9£^ 

g^sfe Bala; s?i as fzus^i 6&i bis°s ®¥ sbssb*2| ^eoi S¥ sbhsb^ &i 

2JSSa SCH32S E) e g^S AlrSSKM , e^S 5^21 33131 ^ejsjo^ g3fS|£^ g fe 3311 S 

seea. 

oi aasi Hh&sie aiaioooii sioiah. 8hi si¥ asaewe. bpsg3 sog 3ii§°J aaa} § oh^ smoia. 

01 yg£l HHJSJB ^'A| Oil Oil SlCH/d . S3| S¥ 8^30^8. USG Si HDP(High Density Plasma) t$&°i § CM— 81U0I 

a. 

oi gjasi utaqe ^ai on on sioi/d. B£»i sxisi ssi us aa§. s?i ssieoo HHaicnaf a s^i s*b» 
siais easts, cvd ss°£ aastfe &3«s a ateo. 

01 &B2I bFBSB 81 A| OH OH SiOIAH. #7| BIS g^S, HF g^M S»»Q. 

aae aaa ssspi fie s as on sste. bjesi safe. bexh 3iB"aoi §aa as s^ia«; ^° 
SBsaejs. ais as us »¥ eBaewa- s¥ SBseota sasta. s:?i as asaewa *w 
oioi isa s§ii§ s§5i2, s:>i as aztaejarai §i¥ aziaaara *w e^s »*si # 

¥ e&aeWC 5101 S^g §t¥2J 331 Ma SCH3°£ Q 3311 Ha£|CH Sia. 

oi ssis utaqa 8iaiovoo sichah . s?i st¥ sBseme. bpsgs sog 3uas #»nt s oii= otaoia. 

01 SSI 2| dHJ^B 8JAIO0OII SIOIAH. S3I S¥ aZtaeWS. USG 3S HDP(High Density Plasma) tiSW S CH — 8 > uo1 

a. 

(S§) 

s ggoil 2| B B£a SSI SJ 32| J3I5 SSS S^ 5§J Hii i» v 4iA|€ja. 
(aAlOD) 

£ 2« & &S2I 41AIOIIO0 t!SS S. V EM §^ ^ ^ s = . »£» 3I»(10) S01I AIS as 

as S2}aas, v (i2. i4)s ssea. s^i as s^is^(12. ux 2^ *w s^i eica 312(10)21 
g¥:)J t*£i£^ sojg( 16 )§ ssBa. S3i as s 2}is^(i2. 14) e aiisss aaae^ 



d2)ei M^mo\ 4¥ gasasf(i4)2i ^3|§aa &ch3°s a m g^s a>ssk)i A'^'gnsw 4 v pi e^m(i6) 

oi¥2l 331 S g^AISia. 0|£f US BJ£fl| 3*1 Si 32| SI5 grSOII SloHAH. AIM C(i *Wgg 3* 

fe SSfil AiMoiCH ge}§2S|(12, 14) S ejget££M. 3*! * &§!g(16) oh¥2| fiBjSjeS SIH 

AIS 4 212. SejS(16) 3r¥°l £§1321 3D| MI^S i=r^ MISHS 4*fflSf££M| gsj XH&S SlisJAI^ 4» Sia. 
EES. S§SS(16) 4 V ¥2J ggJogjK] =^ £f&]2J Hlxl 4» 2iO. 

0I3K £ 2 LHXI EE 4S SS8K)J B ©S3 «|A|0||* 4T4I8I 

£ 3a LHXI SE 3c Oil 2J0IAH. EE 2 Oil £AIS EE XII SX|2| fi£& BBJ8 ^I^S 3>fe =?« fi4rOII CHSBAHfe SiS 
EE 2fe B SS2| £JA| Oil Oil CDS 54 S01?b BSEOia. 

EE 2§ S3E81B. B S^SSI AIAIOBOB OS 3^ e§J =?3£fe. «£H 316(10)3*. OS •3«aoK12. 14)3. S^S 
(16)3*. 5^1 IB 3^(contact filling metal )( 18) j». 3^ a2!(20)S MfiCJ. 

40| e2«St¥«(12. 14)8. 43I Bh EE XII 3IB(10) #00 AIS aS ill AJS8K>) XiBIIS SSS Sr¥ S3§S2| 
(12) ft #¥ S2JSaaf(14)S SBfia. 

4^1 st¥ aaaeoKi2)s. BPSG(BoroPhosphoSilicate Glass)» S0G(Spln On Glass) 3tlS2| fiftot S 0H£ smoia. 
&DI 4¥ S2>Haa{-(14)S. USG(Undoped Silicate Glass) 2* HDP(High Density Plasma) § Oi£ smoia. 

43>| ai|i(i6)g, 4^1 SJ¥ S2}§Set(12)§ *W 8KM i^S S1¥ e^3(16a)3L 4¥ S2iflem(M)S 

2| ohoi iaa 4>¥ &§!S(i6b).s sssa. 

«3| #¥ ee!S(16b) 3i¥2| 331 MO 40| Sl¥ e^a(16a) SF¥2| B7YJ\ CH 3»l USEICH SACK Oia 
B ¥£fe OlMtt 3^ e^iSI IhfcAIZlB. 

43I SSj 3^(18)S. 40| S^m(16)§ XH¥EE^ ^»^2£ iSS HHBIOfaM barrier layer) SI 3^°t§ 

s»eo. 

43| =^ a2J(20)S. 40| SS| II 3^(18) 4 Oil 43I S§! li 3^(18)3 S^SIEE^ SJ4SICH 2i«. 

£ 3a LHXI £ 3cfe B «AIO0O| CDS ErEEXII 9»2| JH|5 gat MOl^fe BSEEOID. 

£ 3as s£»a. fe^t! Hi si- as B^sai bis sss eicfli 3iEKio) -yoii a§ 

ok 12. 14) e aaeo. 

«5i as eaae*o«i2. i4)s. ahs as us iss saas^ssAi. si¥ S2>aasf(i2) si 4¥ mxmz^ 

(U)S SttSQ. 

§F¥ saaaoKi2)s. bpsg « sog tub si asm m oi£ sms gaso. 3£i2. 4^1 «¥ §2112^(14)= 
, usg s hdp aaot s oi£ §Fa^ aaea. 

£ 3bWI SiCHAH. 4^1 a« S2JSas|(12. 14)S AW 6101 S@iS(16)S SSSa. 40J <N2JS Si! ^SOI Afg 

□as. 4^1 sai#d6)s afysi ?\mi\m ?is.m ssaoi s^s s r ¥^ □ 4^¥ aa 4a assa. ^ 

3| 3^ ^^Oil °|SH S^m(16) Sf¥?J Dig A|2[ so. 
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oFxiafss. Qm ssaemdz. h)°i £^ aiisss ^ sm £ 3coi sais hisi »oi. §r¥ s 

§iS(16a)2| 331 31 §3t8 HaWtt(prof ile)« i>fe ESJS(16)0| USE! CI. 

0138 #31 3r¥ •2taem(12)a> &¥ S2faas|(14)S| ^2}S2| XfOlOB °|SH #31 £# H\m B^B 
HPS SSfiQ. 

^. #31 3h¥ 92»ie<Bt(i2)8 401 hf §2!<oii q)8h #31 #¥ eztaem(M) aa a 41^11 s>feo. 

OISMI. #3| °1¥ eejS(16a)°| §f¥2l 33|3|- #31 #¥ e^m(16b)£l §F¥2| 33|Sa #CHwo S H3II 
= , #3| St¥ •21984(12)3* #¥ S2>I! 21 4(14)21 33|| ¥M0||A| S@iS(16) 33I31 iPISQ. 

Oil* SOI . #31 81 ¥ S§{B(16a)2| 8t¥4 33I3J sf 0.2 m 012. #3| £M All § Oil 2|8H #3| St¥ aejfi(16a)S| gf 
m&Si ol¥ #2.^214(12)01 2|2f 0.03 Am §E £|te S*?. 3^ e§j2| 61¥ S^S 4 70 % §£ §3t§13|| @ 

a. 

B 8*8011 0}g tfftS U|21 9S 5i» ££1*81 (contact prof lle)01l SICH/H . S§°£ Em UH£IO| 

421 riiU 3 r tH£IXI(step coverage)^ SJ3I3I- S 4= SICK #31 bH£JOi4§ .^fflEIS gfS2£ USShfe 3¥. 

2jAr3h 3S81fe #31 S*¥ ©211 21 4(12)3} #¥ S2Jl!ei4(14)2| S31I ¥SO0 UH£|CH40| IS Sill 8*0h, S4 
=^af S^AI Oi§i(attack)S &31I 801. 

gej e^SfOI S-ISSdiftlng) Elfc 01 SOfOIIAI § 9>a£! S31lic pais (volcano defect)^ i^Sa. 

□ au, #3| HH£ICH4S CVD( Chemical Vapor Deposition) i!#8r3|| SIS 3 SSIS 4- 2JC1. #31 HH£J 

01 4S Ti 9t TiN, WN §0| AhgSa. 

£ 4fe £ 3c2| SSj°| Sf¥§ eoi^fe §S£0ia. 

£ 4S #31 £ 3cS| E§J2) m « yExll 31 EH 10)21 SSOIIAI M3II £13 S£ HIS 24S UBii 

Ur» SOI. g£J¥01| #3| 2!# #4 ggoo 2|& £# 34(243)31. #31 -Ml § Oil 2|ef £#SJXI StS S4(24b)§ 

S£ SS 15fe #3 1 A||§ S 2J Sh¥ #2iSSef(12)2l S@i HSI&^S UEItHCf. ^, S^l ^ gfSOII £|SH 

S§J SSIlt^i UEItHCf. 

OISMI, #31 ^#£1X1 SS (24b) Oil CHoHAIfe BJEfl 3| »( 10)2) iSE S3| OHEOII QH¥ 3^ XlgfS 
S3II SCf. 

ggg =^ aejoj go ( aajgOl CVD Oil °JS BH£|0|S| S 5§! 5^^2S XH^IXIH, CHI S 54 {M Bm 

°i 2?, S^iSOl CVD gfgOII 2\m £SS M£l^£ies| §££ 



g ggg ais i|3ie§ §>fe §i§ Aigsvoi □§ mzim&^m e@is sf¥°i b^ib &m 

aog §31 A|^ 4- an. geiS SJ¥2| ^^5.01 3^1 g31S AflgHS 4=S^°£M| 3H»» M±siMU 4= 

2iC|. S&. &¥2l 33IS SSHSMI 3^ £12121 Elxl £2iS 2)^A|^ 4- Sib S3f3r 2iD. 
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